Da Silva et al. (2018) reported new and particularly subtle features of orbital and solar cyclicity in data series from Paleozoic strata. Applying methods widely used in cyclostratigraphy, confidence limits were used to pick candidate frequencies in power spectra. Although this approach implies statistical support for cycle identifications, in practice it defines significance thresholds at misleadingly low levels: the millennial-scale signals claimed by Da Silva et al. are unlikely to exist in the data. For cyclostratigraphy in general, the difficulty of defining reliable confidence limits suggests that their use should be restricted, or even abandoned.
In a search for sub-precession-scale cyclicity in the Devonian Prague Formation, Da Silva et al. (their figure 1) show '95% confidence limits' on power spectra of geochemical data series. Confidence limits (CLs) are an expression of a null hypothesis significance test, a statistical test against a default interpretation that the data are random. Using a 95% CL implies a high level of probability that the frequencies selected are indeed cyclic, and thus implies confidence (in the general sense) in the authors' interpretation. For the study by Da Silva et al., neither of these implications is correct.
The problem here is a general one in cyclostratigraphy: the authors have avoided specifying any null hypothesis, without which the 'confidence limits' are meaningless. For practical cyclostratigraphy, a more or less standard calculation has been built in to a number of software toolkits; Da Silva et al. used the R package Astrochron. This standard calculation, however, provides a confidence limit that is appropriate only to a single test of statistical significance, at a single prespecified frequency. This is very rarely possible in cyclostratigraphy.
The two power spectra in Da Silva et al.'s figure 1 (central panel) typify the misuse of such single-test CLs in cyclostratigraphy. (I used the Astrochron package to verify that Da Silva had, indeed, used uncorrected CLs.) First, not one but seven peaks are identified and labeled in the upper spectrum, and eight in the lower. Second, some of the spectral peaks identified and labeled fall below the 95% CL (e.g., at 31-38 k.y. in the upper spectrum; all peaks >1.5 k.y. in the lower spectrum), while several peaks that exceed it are selectively ignored.
A test of significance at 95% gives (incorrect) significance to a random peak (i.e., a feature of the noise) at 1:20 frequencies. But, in the study by Da Silva et al., and in cyclostratigraphy generally, it is not possible to pre-specify the frequency or frequencies at which such a test is to be applied, because (1) the target (orbital) frequencies are not known a priori in time; and (2) the representation of time as stratigraphic thickness is also unknown a priori. Thus, it is not possible to apply a null hypothesis significance test at any one single frequency; the only option is to test the power spectrum at every frequency, and this is a test of a different null hypothesis. As every repetition of a single-frequency test increases the risk of identifying random peaks as cyclic, the desired 1:20 false positive rate (for the overall assessment of the spectrum) requires a higher detection threshold: a higher CL. Vaughan et al. (2011) showed that uncritical application of single-test statistics to such multiple-test scenarios results in detection of large numbers of false positive cycle periods in random (synthetic) data sets. Vaughan et al. recommended a simple but conservative arithmetical correction to CLs to allow for multiple-testing; Crampton et al. (2018) and Weedon et al. (2018) proposed alternative corrections, and provided further discussion of these issues.
Selective identification of frequencies adds to this statistical multiplicity, as does Da Silva et al.'s inclusion of combination tones in the range of target frequencies, further eroding the reliability of CLs; correction for these additional sources of statistical multiplicity is more difficult. Further difficulty arises if one starts to consider the prior probability that the sediments of the Prague Formation are capable of recording the cycles claimed by Da Silva et al. What, for example, is the probability that climate is the principal control, either on the geochemical signal or on the relative contributions of carbonates and clastics; and what are the likely effects of differential diagenesis and compaction (Matys Grygar, 2019)? The least that can be asserted is that the prior probability is very unlikely to be 100%, requiring yet more upward adjustment to any CLs.
The succession studied by Da Silva et al. may or may not be cyclic in the geological sense, but their tests do not support the existence of any statistically significant cyclic frequencies in their power spectra, and certainly not with 95% confidence. The necessity to adjust CLs upward to allow for (1) multi-frequency searching of spectra, (2) assumed analytical flexibility, or 'researcher degrees of freedom' (Simmons et al. 2011) , and (3) low prior probabilities, applies to the use of such methods in cyclostratigraphy generally. I strongly challenge assertions of freedom to use CLs for non-binding guidance, rather than as accept/reject thresholds (e.g., Hinnov et al. 2016) ; it would be better to avoid the use of confidence limits altogether.
